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Background: The World Health Organization (WHO) Surgical Safety Checklist has fostered safe
practice for 10 years, yet its place in emergency surgery has not been assessed on a global scale. The aim
of this study was to evaluate reported checklist use in emergency settings and examine the relationship
with perioperative mortality in patients who had emergency laparotomy.
Methods: In two multinational cohort studies, adults undergoing emergency laparotomy were compared
with those having elective gastrointestinal surgery. Relationships between reported checklist use and
mortality were determined using multivariable logistic regression and bootstrapped simulation.
Results: Of 12296 patients included from 76 countries, 4843 underwent emergency laparotomy. After
adjusting for patient and disease factors, checklist use before emergency laparotomy was more common
in countries with a high Human Development Index (HDI) (2455 of 2741, 89⋅6 per cent) compared
with that in countries with a middle (753 of 1242, 60⋅6 per cent; odds ratio (OR) 0⋅17, 95 per cent c.i. 0⋅14
to 0⋅21, P< 0⋅001) or low (363 of 860, 42⋅2 per cent; OR 0⋅08, 0⋅07 to 0⋅10, P<0⋅001) HDI. Checklist
use was less common in elective surgery than for emergency laparotomy in high-HDI countries (risk
difference −9⋅4 (95 per cent c.i. −11⋅9 to −6⋅9) per cent; P<0⋅001), but the relationship was reversed in
low-HDI countries (+12⋅1 (+7⋅0 to+17⋅3) per cent; P< 0⋅001). In multivariable models, checklist use was
associated with a lower 30-day perioperative mortality (OR 0⋅60, 0⋅50 to 0⋅73; P<0⋅001). The greatest
absolute benefit was seen for emergency surgery in low- and middle-HDI countries.
Conclusion: Checklist use in emergency laparotomy was associated with a significantly lower perioper-
ative mortality rate. Checklist use in low-HDI countries was half that in high-HDI countries.
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Introduction
The volume of surgical procedures performed worldwide
is large1 and, although many advances have been made
in the past several decades, surgical care exposes patients
to substantial risk of morbidity and mortality. The safety
of surgical care has gained traction within the global
health landscape, yet it remains a pressing concern in both
resource-rich and -poor settings2. In 2009, the WHO
released a 19-item surgical safety checklist for implemen-
tation in countries around the world3. The checklist was
designed to promote understanding and cohesive commu-
nication, and to ensure good practice among all surgical
team members at three specific intervals: before induction
of anaesthesia, before skin incision, and before the patient
leaves the operating theatre3. Although the improvement
in outcomes was dramatic4, uptake of this safety tool
remains to be quantified on a large scale. Attention sur-
rounding use of the checklist in resource-limited settings
is of particular relevance to surgical care and outcomes4.
Process-related discrepancies, such as lack of a particu-
lar safe practice protocol, are chief contributors to adverse
surgical events5. Despite the potential benefits of check-
list use, there are numerous barriers to implementation6,7.
Dynamic educational and social factors, such as ambi-
guity and confusion around the purpose of the checklist
and negative attitudes to checklist adoption among some
team members, contribute to poor checklist uptake8,9. In
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addition, in settings where resources are limited, comple-
tion of a checklist that focuses on unavailable items can
seem pointless, for instance in the absence of pulse oxime-
try or antibiotics10,11. Despite these barriers to implemen-
tation and completion, it has been suggested5 that absence
of the checklist itself may serve as a major contributor to
adverse surgical events.
Although data supporting the effectiveness of the
checklist in fostering improved surgical outcomes are
encouraging, studies in globally representative populations
are uncommon. Furthermore, checklist outcomes have
been studied largely within elective general surgery and
subspecialty settings, with only a few studies examining
checklist use in emergency care12,13. Attitudes to checklist
use by providers working in emergency settings can be
negative12. A survey of obstetric care providers found that
one-third believed a checklist would be an inconvenience
in emergencies14. Despite this, the benefit of checklist use
does extend to emergency surgical care, as shown in an
analysis of the original WHO checklist study in urgent
operations across eight countries13. Importantly, it is also
possible that the benefit of the checklist may be greatest in
emergency situations, given the increased risks15.
Using a large, validated, global data set, this study aimed
to compare reported use of the WHO Surgical Safety
Checklist in patients undergoing emergency laparotomy
and elective gastrointestinal surgery. Associations were
sought between checklist use and perioperative mortal-
ity, accounting for country developmental level as well as
patient and disease factors.
Methods
Study design and participants
Data were collected prospectively within two international,
multicentre, observational cohort studies: GlobalSurg 116
and GlobalSurg 217. Both studies were performed by
the GlobalSurg Collaborative group using prespecified
published protocols (NCT0217911218, NCT0266223119).
This collaborative methodology has been described
elsewhere20. A UK National Health Service Research
Ethics review considered both GlobalSurg 1 and Glob-
alSurg 2 exempt from formal research registration
(South East Scotland Research Ethics Service, refer-
ences NR/1404AB12 and NR/1510AB5). Individual
centres obtained their own audit, ethical or institutional
approval. Details of data validation have been described
and published previously16,17. Results of this analysis
are reported according to Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines21.
In both contributing studies, investigators from health-
care facilities worldwide that fulfilled the inclusion cri-
teria were invited to participate and submit data using
an online platform22. Small teams of investigators were
recruited via email, social media and through personal
contacts. Investigators collected data during at least one
2-week interval during study windows. In GlobalSurg
1, investigators identified consecutive patients between 1
July 2014 and 21 December 201416. This study included
any patient undergoing emergency intraperitoneal surgery,
defined in the study methods16. In GlobalSurg 2, investiga-
tors included consecutive patients between 4 January 2016
and 31 July 201617. This study included all patients under-
going elective or emergency gastrointestinal surgery17.
In both studies, patients were followed to day 30 after
surgery, or for the duration of their inpatient stay in
locations where follow-up was not feasible. Local inves-
tigators uploaded records to a secure online database,
using the Research Electronic Data Capture (REDCap)
system23.
Data from both GlobalSurg 1 and GlobalSurg 2 were
combined to create a multicentre data set. Variables were
cross-referenced and streamlined for coding consistency.
Patients were then selected as having undergone emer-
gency laparotomy or elective gastrointestinal surgery.
Emergency laparotomy was captured using the defini-
tion from the UK National Emergency Laparotomy
Audit24, adapted for global settings. Trauma laparotomy
was included, whereas laparoscopic procedures and indi-
viduals aged less than 18 years were not included in the
analysis.
Variables
The primary outcome measure was 30-day perioperative
mortality, expressed as a proportion. Perioperative mortal-
ity was defined as ‘any death, regardless of cause, occur-
ring within 30 days of surgery in or out of the hospital’25.
The metric was calculated by dividing the number of peri-
operative deaths by the total number of included opera-
tions performed26. The primary explanatory variable was
reported use of the WHO Surgical Safety Checklist.
Checklist use was recorded as ‘no, not available’, ‘no, but
available’, ‘yes’, or ‘unknown’ for each patient in the study.
Reported use of the checklist was calculated as a proportion
recorded as ‘yes’ of the total number of patients included.
Countries were stratified into three tertiles according to
the Human Development Index (HDI) rank27. This is a
composite statistic of life expectancy, education and income
indices published by the United Nations. HDI was chosen
over purely economic measures of country development
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on the principle that ‘people and their capabilities should
be the ultimate criteria for assessing the development of a
country, not economic growth alone’27.
Patient-level variables included age, sex, diabetes, smok-
ing status and ASA fitness grade. For simplification, ASA
was grouped as a score of less than III and one of III or
more. Disease-level variables included six major diag-
nostic groups: abdominal wall, benign foregut, benign
midgut/hindgut, malignancy, trauma/injury and other.
Operative characteristics, including the requirement for a
bowel resection and the level of contamination, were also
included.
Power considerations
GlobalSurg 1 and GlobalSurg 2 both included a priori
sample size calculations that accounted for the uncertainty
in the data coming from collaborating countries18,19. In
making between-group comparisons of checklist use by
HDI country or urgency, a difference from 10 to 5 per cent
can be shownwith α= 5 per cent and β= 10 per cent (90 per
cent power) with group sizes of 582.
Statistical analysis
Differences between HDI tertiles were tested with Pear-
son’s χ2 test and Kruskal–Wallis test for categorical and
continuous variables respectively. Multivariable logistic
regression models were used to adjust for confounding in
analyses of checklist use and 30-day perioperative mortal-
ity. Coefficients are expressed as odds ratios (ORs) with 95
per cent confidence intervals and P values derived from
percentiles of 10 000 bootstrap replications. Models were
constructed using the following principles: variables asso-
ciated with outcome measures in previous studies were
accounted for; demographic variables were included in
model exploration; all first-order interactions were checked
and included in final models if found to be influential;
final model selection was informed using a criterion-based
approach minimizing the Akaike information criterion and
discrimination determined using the c-statistic (area under
the receiver operating characteristic (ROC) curve). Hier-
archical models accounting for clustering within countries
were not used in this analysis owing to colinearity between
explanatory variables of interest and country. Model resid-
uals were checked (residuals versus fitted values; normality
plot of standardized deviance residuals; and residuals versus
leverage), and goodness of model fit determined using the
Hosmer–Lemeshow test.
To help translate model outputs to real-life quantities
of interest, bootstrapped simulations of model predictions
were performed at specified co-variable levels. This enables
the results of regression analyses to be expressed as proba-
bilities, with the intention of these being more intuitive to
interpret than ORs.
All analyses were undertaken using the R Foundation
statistical program R 3.4.14, with finalfit28 and dplyr
packages (R Project for Statistical Computing, Vienna,
Austria).
Data sharing
The data set can be explored using an online visualization
application at http://data.globalsurg.org.
Results
A total of 26 228 patient records were sourced from
the GlobalSurg 1 (10 745, 41⋅0 per cent) and GlobalSurg
2 (15 483, 59⋅0 per cent) data sets (Fig. 1). For 552 patients
(2⋅1 per cent) 30-day mortality and/or checklist use was not
known; these were removed. Patterns of missing data were
examined and not considered to influence final results
(Tables S1 and S2, supporting information). For 13 380
patients (51⋅0 per cent) the inclusion criteria were not
fulfilled, and these were removed; reasons included under-
going an emergency procedure other than emergency
laparotomy and age less than 18 years. The included pro-
cedures by country HDI are shown in Table S3 (supporting
information). The final data set represents 12 296 patients
from 76 countries, with 326 centres from GlobalSurg 116
and 356 centres from GlobalSurg 217.
Demographics
Extensive data relating to patient and operative charac-
teristics by HDI group and surgery type are provided
in Tables S4–S6 (supporting information) to allow a full
understanding of the population. Patients were distributed
across HDI groups as shown in Fig. 1. Patients undergoing
emergency laparotomy were older, more likely to be men,
had a higher ASA score, were less likely to have cancer,
and had a higher rate of wound contamination (Table S4,
supporting information). Those undergoing emergency
laparotomy in low-HDI compared with high-HDI coun-
tries were younger, more likely to be men, had a lower
ASA score, were less likely to have had a bowel resec-
tion or cancer, and more likely to have wound contamina-
tion (Table S5, supporting information). Similar differences
were seen in the elective surgery group (Table S6, support-
ing information).
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12 296 participants
76 countries
High HDI
7048 participants
34 countries
Middle HDI
3685 participants
20 countries
Low HDI
1563 participants
22 countries
Participant records included 
from GlobalSurg 2
n=15 483
Participant records included
from GlobalSurg 1
n=10 745
26 228 participants
76 countries
Unknown 30-day mortality and/or
 checklist use n=552
Participants excluded
 based on inclusion criteria n=13 380
Emergency laparotomy
2741 participants
Elective surgery
4307 participants
Emergency laparotomy
1242 participants
Elective surgery
2443 participants
Emergency laparotomy
860 participants
Elective surgery
703 participants
Fig. 1 Flow chart of study population. HDI, Human Development Index
Use of WHO Surgical Safety Checklist
Reported WHO Surgical Safety Checklist use across
the entire cohort was 8881 of 12 296 (72⋅2 per cent).
There was little difference in checklist use overall when
comparing emergency laparotomy with elective surgery
(73⋅7 versus 71⋅2 per cent respectively). Checklist use dif-
fered in high- (84⋅5 per cent) compared with middle- (59⋅4
per cent) and low- (47⋅3 per cent) HDI country groups
(Table 1).
A multivariable regression model was used to adjust
for confounding and identify predictors of checklist use
(Table S7, supporting information). A significant interac-
tion was found between type of surgery and country HDI
for checklist use: the patterns of checklist use by surgery
type were different across HDI groups. After adjusting for
patient and operative characteristics, checklist use contin-
ued to be lower in low- andmiddle-HDI countries (Fig. 2a).
To convey differences in checklist use more intuitively,
bootstrapped predicted probabilities of checklist use were
determined (Table 2). Absolute risk differences for emer-
gency laparotomy versus elective surgery differed by HDI
group. Checklist use was less common for elective surgery
than emergency laparotomy in the high-HDI group (abso-
lute risk difference−9⋅4 (95 per cent c.i. −11⋅9 to −6⋅9)
per cent; P< 0⋅001), no different in the middle-HDI group
(1⋅9 (−2⋅3 to 6⋅5) per cent; P= 0⋅357) and more com-
mon in the low-HDI group (12⋅1 (7⋅0 to 17⋅3) per cent;
P< 0⋅001).
Mortality in emergency laparotomy
Overall, 30-day mortality after emergency laparotomy
(621 of 4843, 12⋅8 per cent) was ten-times higher than
for elective surgery (94 of 7453, 1⋅3 per cent) (Table S8, sup-
porting information). There was notable variation in mor-
tality after elective surgery byHDI group, but less variation
after emergency laparotomy in the unadjusted analysis.
However, after adjustment for confounding, significant dif-
ferences were seen in 30-day mortality after emergency
laparotomy in low- (OR 2⋅43, 95 per cent c.i. 1⋅81 to
3⋅25; P< 0⋅001) and middle- (2⋅80, 2⋅20 to 3⋅56; P< 0⋅001)
HDI groups compared with the high-HDI group (Fig. 2b;
Table S8, supporting information). Thirty-day mortality
after elective surgery in low-HDI countries was equiva-
lent to 30-day mortality after emergency laparotomy in
high-HDI countries.
Use of checklist and 30-day mortality
Overall, reported use of the WHO Surgical Safety Check-
list was associated with a lower 30-day mortality (471 of
8881, 5⋅3 per cent) compared with reported non-use (244
of 3415, 7⋅1 per cent) (Table S8, supporting information).
In models adjusting for confounders, reported use of the
checklist was still associated with a significantly lower
30-day mortality (OR 0⋅60, 95 per cent c.i. 0⋅50 to 0⋅73;
P< 0⋅001). Again, to create a more intuitive interpretation
of the mortality model, adjusted predicted probabilities
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Table 1 Patient and operative characteristics by reported WHO Surgical Safety Checklist use
Checklist used
No Yes Total P†
Urgency 0⋅003
Emergency laparotomy 1272 (26⋅3) 3571 (73⋅7) 4843
Elective surgery 2143 (28⋅8) 5310 (71⋅2) 7453
HDI tertile < 0⋅001
High 1095 (15⋅5) 5953 (84⋅5) 7048
Middle 1496 (40⋅6) 2189 (59⋅4) 3685
Low 824 (52⋅7) 739 (47⋅3) 1563
Age (years)* 47⋅7(19⋅2) 53⋅8(19⋅7) – <0⋅001‡
Sex 0⋅729
M 1612 (28⋅2) 4095 (71⋅8) 5707
F 1682 (28⋅0) 4334 (72⋅0) 6016
Missing 121 (21⋅1) 452 (78⋅9) 573
ASA fitness grade < 0⋅001
< III 2598 (30⋅2) 6006 (69⋅8) 8604
≥ III 743 (21⋅2) 2766 (78⋅8) 3509
Missing 74 (40⋅4) 109 (59⋅6) 183
Smoker 0⋅009
No 2594 (29⋅2) 6302 (70⋅8) 8896
Yes 670 (26⋅5) 1858 (73⋅5) 2528
Missing 151 (17⋅3) 721 (82⋅7) 872
Diabetes < 0⋅001
No 3076 (28⋅4) 7744 (71⋅6) 10 820
Yes 339 (23⋅0) 1137 (77⋅0) 1476
Disease classification < 0⋅001
Abdominal wall 174 (29⋅8) 409 (70⋅2) 583
Other 1567 (32⋅2) 3305 (67⋅8) 4872
Benign foregut 478 (27⋅9) 1235 (72⋅1) 1713
Benign midgut/hindgut 410 (20⋅8) 1558 (79⋅2) 1968
Malignancy 569 (22⋅2) 1994 (77⋅8) 2563
Trauma/injury 190 (37⋅3) 320 (62⋅7) 510
Missing 27 (31) 60 (69) 87
Bowel resection <0⋅001
No 1879 (25⋅7) 5435 (74⋅3) 7314
Yes 1535 (30⋅8) 3442 (69⋅2) 4977
Missing 1 (20) 4 (80) 5
Malignancy < 0⋅001
No 2846 (29⋅2) 6887 (70⋅8) 9733
Yes 569 (22⋅2) 1994 (77⋅8) 2563
Contamination 0⋅061
Clean/contaminated 2564 (27⋅3) 6840 (72⋅7) 9404
Contaminated 324 (27⋅1) 873 (72⋅9) 1197
Dirty 476 (30⋅1) 1106 (69⋅9) 1582
Missing 51 (45⋅1) 62 (54⋅9) 113
Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). HDI, Human Development Index. †χ2 test, except
‡Kruskal–Wallis test (comparisons of available data).
of 30-day mortality were created to allow comparisons
across HDI group, surgery type and reported checklist
use (Fig. 3; Table S9, supporting information). No inter-
action between checklist use and 30-day mortality was
seen for HDI or type of surgery. Thus, as expected, a
significant checklist effect was seen for each combination
of surgery type and HDI group, with magnitudes of
effect shown in Fig. 3. The greatest absolute risk differ-
ence for checklist use was seen in emergency surgery in
low-HDI (absolute risk reduction 4⋅6 (95 per cent c.i.
2⋅7 to 7⋅0) per cent; P< 0⋅001) and middle-HDI (5⋅1
(2⋅9 to 7⋅8) per cent; P< 0⋅001) countries, by virtue of
the higher baseline 30-day mortality (Table S9, supporting
information).
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a  Use of checklist
b  30-day mortality
Emergency laparotomy/high HDI
Elective surgery/high HDI
Emergency laparotomy/middle HDI
Elective surgery/middle HDI
Emergency laparotomy/low HDI
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0·19 (0·16, 0·23)
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0·973
Fig. 2 Odds ratio plots of WHO Surgical Safety Checklist use and 30-day mortality. aUse of WHO checklist and b 30-day mortality for
surgery type and Human Development Index (HDI) group from multivariable logistic regression models. Odds ratios are shown with
95 per cent confidence intervals and P values. Checklist use was adjusted for age, ASA score, diabetes status, disease classification, bowel
resection and wound contamination. For full models, see Tables S7 and S8 (supporting information). Mortality (b) is adjusted for WHO
surgical safety checklist use, age, ASA, disease classification, bowel resection and wound contamination
Table 2 WHO Surgical Safety Checklist reported use by country Human Development Index and type of surgery
Checklist used*
No Yes P§
Adjusted
probability of
checklist use (%)†
Absolute
risk difference (%)† P
High HDI
Emergency laparotomy 286 (10⋅4) 2455 (89⋅6) 86⋅0 (83⋅4, 88⋅3) –
Elective surgery 809 (18⋅8) 3498 (81⋅2) <0⋅001 76⋅6 (73⋅8, 79⋅3) −9⋅4 (–11⋅9, −6⋅9) <0⋅001
Middle HDI
Emergency laparotomy 489 (39⋅4) 753 (60⋅6) 51⋅6 (46⋅4, 56⋅7) –
Elective surgery 1007 (41⋅2) 1436 (58⋅8) 0⋅280 53⋅6 (49⋅4, 57⋅5) 1⋅9 (–2⋅3, 6⋅5) 0⋅357
Low HDI
Emergency laparotomy 497 (57⋅8) 363 (42⋅2) 33⋅3 (28⋅4, 38⋅4) –
Elective surgery 327 (46⋅5) 376 (53⋅5) <0⋅001 45⋅4 (40⋅2, 50⋅9) 12⋅1 (7⋅0, 17⋅3) < 0⋅001
Values in parentheses are *percentages and †95 per cent confidence intervals. A multivariable logistic regression model was specified for checklist
use by Human Development Index (HDI) group, type of surgery and confounders (see Fig. 2 and Table S4, supporting information). Bootstrapped
adjusted predictions of the probability of checklist use were performed for different HDI groups and surgery type, with other co-variable levels
specified: age 52 years; ASA grade less than III; no diabetes; malignancy disease classification; clean/contaminated wound status. Absolute risk differences
for the probability of checklist use were determined and a two-sided P value was calculated. §χ2 test (within HDI group between surgery
type and checklist).
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Fig. 3 Adjusted probability of 30-day mortality by surgery type, Human Development Index group and WHO Surgical Safety
Checklist use. a Emergency laparotomy; b elective surgery. The multivariable logistic regression model for 30-day mortality (Fig. 2;
Table S8, supporting information) was used to generate adjusted predicted probabilities of death using bootstrap replication, with other
co-variable levels specified: age 52 years, ASA grade less than III, malignancy disease classification, and contamination. Absolute risk
differences for 30-day mortality are presented with 95 per cent confidence intervals, and two-sided P values for the absolute risk
difference (Table S9, supporting information). HDI, Human Development Index
Discussion
In this large multinational prospective cohort study,
reported use of the WHO Surgical Safety Checklist
was associated with a significant reduction in 30-day
perioperative mortality. This relationship was consistent
and independent of key patient and disease-related vari-
ables. Checklist use in low-HDI countries was half that
of high-HDI countries, and this effect persisted after
accounting for differences in patient and disease charac-
teristics. Checklist use was lower for elective surgery than
for emergency laparotomy in high-HDI countries; this
finding was unexpected. The association between checklist
use and lower mortality was consistent across HDI groups
and type of surgery, even after adjustment for case mix.
The greatest absolute benefits were found in emergency
surgery in low- and middle-HDI countries, owing to the
higher baseline mortality rate.
Evidence supporting use of the surgical safety checklist
in hospital practice is widely positive and supports the
promotion of the checklist in patient safety programmes
worldwide2. A strength of this study is the breadth of
countries and hospitals that contributed prospectively
collected data. Use of the WHO Surgical Safety Checklist
in low- and middle-income countries was 2928 of 5248
(55⋅8 per cent), the same as that reported in the recent
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African Surgical Outcomes Study (6183 of 10 836, 57⋅1
per cent)29. In the present study, checklist use was found
to be significantly lower in some low- and middle-HDI
countries compared with high-HDI countries, yet the
association with lower mortality was still seen. This clearly
highlights an area for practice change. Fostering aware-
ness to motivate local checklist champions is important,
but may be difficult in more remote environments. In
regions with less established local organizational infras-
tructure, the checklist may simply have not come to the
attention of providers. Supportive governmental and aca-
demic institutions are crucial in facilitating the process,
through continued professional development and ministry
of health-accredited programmes30. Successful implemen-
tation of the checklist requires careful thought and local
adaptation. Avoiding the perception of the checklist as just
a ‘tickbox’ exercise is crucial for success9.
This study explored the hypothesis that checklist use is
lower in emergency settings due to the particular chal-
lenges therein. Focus on emergency laparotomy provided
a more homogeneous study group, rather than including
all patients undergoing emergency surgery. Checklist use
has been studied extensively in elective surgery, but has
received less attention in emergency surgery, particularly in
global settings13. Narratives that highlight time pressures,
low staffing, inflexible hierarchies and lack of resources
during times of emergency promote an idea that the check-
list should not be prioritized in urgent care. The present
study shows that the checklist can be used in emergency
settings, and commonly is. Moreover, associations between
checklist use and better outcomes are just as evident in
emergency laparotomy as in elective surgery. The capacity
for checklist implementation in settings providing emer-
gency surgical care should not be undervalued. On the con-
trary, there may be much to gain for emergency surgery in
low- and middle-income settings, given the higher baseline
mortality rate.
A number of weaknesses to the approach taken here
may be discussed. In general, the methodology is subject
to selection bias at hospital level. Collaborators self-select
to take part, which may reflect better resourced institu-
tions contributing than is seen in the general population.
During the study period, consecutive patients must be
recruited so that selection bias at patient level is minimized.
Data were validated particularly carefully in the Global-
Surg 2 study17. As described previously, patient recruitment
together with a subset of variables were re-collected by
an independent team in contributing hospitals. In centres
with the fewest resources, this can be a challenge, partic-
ularly where there are no formal written records. Some
collaborators described the GlobalSurg data as of better
quality than what was otherwise available within their
hospital.
With regard to checklist use itself, collaborators sim-
ply reported whether a WHO Surgical Safety Checklist
had been used before surgery. No review was undertaken
of what form the checklist took, what local adaptations
may have been introduced, whether there was broad team
acceptance of the process, or whether the implementa-
tion was deemed successful. Self-reported checklist use is
a poor reflection of meaningful compliance with checklist
items31, and partial compliance reduces the positive ben-
efits on outcomes derived from this32. Furthermore, the
use and appropriate implementation of a surgical safety
checklist may represent a wide range of health service sys-
tem characteristics, including organizational and manage-
ment attributes that support good clinical practices. Facil-
ities reporting high use may also be those with significant
resources, staffed by individuals familiar with key patient
safety concepts who work together to ensure reliable sys-
tems are in place to deliver consistent patient care.
This study shows that the WHO Surgical Safety Check-
list can be used in emergency surgery in resource-poor
settings. The association with lower mortality is likely
to reflect broader health system differences that priori-
tize safe and effective surgical care, yet the checklist plays
an important part. Much of the benefit is likely to come
from behaviours that can be difficult to measure, such as
improved communication, better team work, identification
of potential problems before they occur, and empowerment
of members of staff at all levels. The checklist likely helps
improve surgical safety by providing a framework for focus-
ing teams on specific critical safety standards that are fre-
quently assumed to have occurred but may not be adhered
to. It can also help identify specific lapses and process weak-
nesses that can be the focus of improvement efforts.Where
standards are either not known or not clear, the checklist
can raise awareness of them and help guide hospital poli-
cies and protocols. It can even create a ‘team-generated
Hawthorne effect’, whereby all perioperative personnel
are involved in the responsibility of ensuring compliance
with standards, and observe completion together using the
checklist.
The data reported here have important implications for
policy-makers. Ten years after the introduction of the
checklist, there is much work to be done in promoting
its adoption worldwide. Local adaptation and ownership
are clearly important in ensuring long-term sustainable
change33. Further studies around the details of imple-
mentation in resource-constrained settings will help tailor
checklist procedures to local needs, thereby ensuring great-
est effect. Strong compliance and effective implementation
© 2019 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e103–e112
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are challenging, but have the potential to save many lives
and should be a priority for surgical safety.
Acknowledgements
Organizations that assisted in dissemination and/or
translation (alphabetical): Asian Medical Students’ Asso-
ciation; Association of Surgeons in Training; College
of Surgeons of East, Central and Southern Africa; Cut-
ting Edge Manipal; Egyptian Medical Student Research
Association; Ghana College of Physicians and Surgeons;
International Collaboration for Essential Surgery; Inter-
national Federation of Medical Student Associations;
Italian Society of Colorectal Surgery; Lifebox Founda-
tion; School of Surgery, Student Audit and Research
in Surgery; The Electives Network; United Kingdom
National Research Collaborative; West African College
of Surgeons; World Society of Emergency Surgery; World
Surgical Association.
This work was funded by DFID/MRC/Wellcome
Trust Joint Global Health Trial Development Grant
(MR/N022114/1). A National Institute for Health
Research (NIHR) Global Health Research Unit Grant
(NIHR 17-0799) is supporting the establishment of surgi-
cal research units in a subset of contributing low-income
countries. The views expressed are those of the authors
and not necessarily those of the National Health Service,
NIHR or UKDepartment of Health and Social Care. The
study funder had no role in study design, data collection,
data analysis, data interpretation or writing of the report.
The corresponding author had full access to all the data in
the study and had final responsibility for the decision to
submit for publication.
Disclosure: The authors declare no conflict of interest.
References
1 Weiser TG, Regenbogen SE, Thompson KD, Haynes AB,
Lipsitz SR, Berry WR et al. An estimation of the global
volume of surgery: a modelling strategy based on available
data. Lancet 2008; 372: 139–144.
2 Meara JG, Leather AJ, Hagander L, Alkire BC, Alonso N,
Ameh EA et al. Global Surgery 2030: evidence and solutions
for achieving health, welfare, and economic development.
Lancet 2015; 386: 569–624.
3 WHO and Patient Safety. Implementation Manual: WHO
Surgical Safety Checklist 2009: Safe Surgery Saves Lives. WHO:
Geneva, 2009.
4 Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat AH,
Dellinger EP et al. A surgical safety checklist to reduce
morbidity and mortality in a global population. N Engl J Med
2009; 360: 491–499.
5 Wilson RM, Michel P, Olsen S, Gibberd RW, Vincent C,
Rasslan O et al. Patient safety in developing countries:
retrospective estimation of scale and nature of harm to
patients in hospital. BMJ 2012; 344: e832.
6 Close KL, Baxter LS, Ravelojaona VA, Rakotoarison HN,
Bruno E, Herbert A et al. Overcoming challenges in
implementing the WHO Surgical Safety Checklist: lessons
learnt from using a checklist training course to facilitate
rapid scale up in Madagascar. BMJ Glob Health 2017; 2(Suppl
4): e000430.
7 Aveling EL, McCulloch P, Dixon-Woods M. A qualitative
study comparing experiences of the surgical safety checklist
in hospitals in high-income and low-income countries.
BMJ Open 2013; 3: e003039.
8 Fourcade A, Blache JL, Grenier C, Bourgain JL, Minvielle E.
Barriers to staff adoption of a surgical safety checklist.
BMJ Qual Saf 2012; 21: 191–197.
9 Bergs J, Lambrechts F, Simons P, Vlayen A, Marneffe W,
Hellings J et al. Barriers and facilitators related to the
implementation of surgical safety checklists: a systematic
review of the qualitative evidence. BMJ Qual Saf 2015; 24:
776–786.
10 Kasatpibal N, Senaratana W, Chitreecheur J,
Chotirosniramit N, Pakvipas P, Junthasopeepun P.
Implementation of the World Health Organization surgical
safety checklist at a University Hospital in Thailand.
Surg Infect (Larchmt) 2012; 13: 50–56.
11 Lilaonitkul M, Kwikiriza A, Ttendo S, Kiwanuka J,
Munyarungero E, Walker IA et al. Implementation of the
WHO Surgical Safety Checklist and surgical swab and
instrument counts at a regional referral hospital in
Uganda – a quality improvement project. Anaesthesia 2015;
70: 1345–1355.
12 Treadwell JR, Lucas S, Tsou AY. Surgical checklists: a
systematic review of impacts and implementation. BMJ Qual
Saf 2014; 23: 299–318.
13 Weiser TG, Haynes AB, Dziekan G, Berry WR, Lipsitz SR,
Gawande AA; Safe Surgery Saves Lives Investigators and
Study Group. Effect of a 19-item surgical safety checklist
during urgent operations in a global patient population.
Ann Surg 2010; 251: 976–980.
14 Kearns RJ, Uppal V, Bonner J, Robertson J, Daniel M,
McGrady EM. The introduction of a surgical safety checklist
in a tertiary referral obstetric centre. BMJ Qual Saf 2011; 20:
818–822.
15 Hunter DN, Finney SJ. Follow surgical checklists and take
time out, especially in a crisis. BMJ 2011; 343: d8194.
16 GlobalSurg Collaborative. Mortality of emergency
abdominal surgery in high-, middle- and low-income
countries. Br J Surg 2016; 103: 971–988.
17 GlobalSurg Collaborative. Surgical site infection after
gastrointestinal surgery in high-income, middle-income, and
low-income countries: a prospective, international,
multicentre cohort study. Lancet Infect Dis 2018; 18:
516–525.
© 2019 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e103–e112
on behalf of BJS Society Ltd.
e112 GlobalSurg Collaborative
18 Bhangu A, Fitzgerald JE, Fergusson S, Khatri C, Holmer H,
Søreide K et al. Determining universal processes related to
best outcome in emergency abdominal surgery: a
multicentre, international, prospective cohort study.
BMJ Open 2014; 4: e006239.
19 GlobalSurg Collaborative. Determining the worldwide
epidemiology of surgical site infections after gastrointestinal
resection surgery: protocol for a multicentre, international,
prospective cohort study (GlobalSurg 2). BMJ Open 2017; 7:
e012150.
20 Bhangu A, Kolias AG, Pinkney T, Hall NJ, Fitzgerald JE.
Surgical research collaboratives in the UK. Lancet 2013; 382:
1091–1092.
21 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP; STROBE Initiative. The Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol 2008; 61: 344–349.
22 GlobalSurg. GlobalSurg and the NIHR Global Health Research
Unit on Global Surgery. http://globalsurg.org/ [accessed 17
June 2018].
23 Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N,
Conde JG. Research electronic data capture (REDCap) – a
metadata-driven methodology and workflow process for
providing translational research informatics support.
J Biomed Inform 2009; 42: 377–381.
24 National Emergency Laparotomy Audit. Audit Info
Documents. https://www.nela.org.uk/Audit-info-Documents
[accessed 31 July 2018].
25 Johnson ML, Gordon HS, Petersen NJ, Wray NP,
Shroyer L, Grover FL et al. Effect of definition of mortality
on hospital profiles.Med Care 2017; 40: 7–16.
26 Watters DA, Hollands MJ, Gruen RL, Maoate K, Perndt H,
McDougall RJ et al. Perioperative mortality rate (POMR): a
global indicator of access to safe surgery and anaesthesia.
World J Surg 2015; 39: 856–864.
27 United Nations Development Programme. Human
Development Reports: Human Development Data (1990–
2017). http://hdr.undp.org/en/statistics [accessed 17 June
2018].
28 Harrison E, Drake T, Ots R. The finalfit Package: Quickly
Create Elegant Regression Results Tables and Plots
when Modelling. http://finalfit.org/ [accessed 3 October
2018].
29 Biccard BM, Madiba TE, Kluyts HL, Munlemvo DM,
Madzimbamuto FD, Basenero A et al.; African Surgical
Outcomes Study (ASOS) investigators. Perioperative patient
outcomes in the African Surgical Outcomes Study: a 7-day
prospective observational cohort study. Lancet 2018; 391:
1589–1598.
30 Styer KA, Ashley SW, Schmidt I, Zive EM, Eappen S.
Implementing the World Health Organization surgical safety
checklist: a model for future perioperative initiatives.
AORN J 2011; 94: 590–598.
31 Pickering SP, Robertson ER, Griffin D, Hadi M, Morgan
LJ, Catchpole KC et al. Compliance and use of the World
Health Organization checklist in UK operating theatres.
Br J Surg 2013; 100: 1664–1670.
32 van Klei WA, Hoff RG, van Aarnhem EE, Simmermacher
RK, Regli LP, Kappen TH et al. Effects of the introduction
of the WHO ‘Surgical Safety Checklist’ on in-hospital
mortality: a cohort study. Ann Surg 2012; 255:
44–49.
33 Kim RY, Kwakye G, Kwok AC, Baltaga R, Ciobanu G,
Merry AF et al. Sustainability and long-term effectiveness of
the WHO surgical safety checklist combined with pulse
oximetry in a resource-limited setting: two-year update from
Moldova. JAMA Surg 2015; 150: 473–479.
Supporting information
Additional supporting information can be found online in the Supporting Information section at the end of the
article.
© 2019 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e103–e112
on behalf of BJS Society Ltd.
